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APPARATUS INCLUDING A WELLBORE AND WELLBORE CASING 
Backffrounri nt InvenHr^ i^ 

This invention relates generally to apparatus including a weObore and 
casings, and in particular to wellbore casings that are formed using expandable 
tubing. 

COnvenaonaay. when a weUboie is create* a number of casii^s are 
lnsla»ed In the borehole lo prevent collapse of ttie borehole wall and to prevent 
undesired outflow of drilling fluid into the fonnatlon or Inflow of fluid Item the 
fomallon Into the borehole. ITe borehole Is drilled in inletvals whereby a 
casing Which is to be installed In a lower borehole inten-al is lowered through a 
previouslylmtalled casing Of an upperboreholeintenal As a consequence of 
this procedure the casing of the lower Intend is of smaller diameter than the 

casing of the upper inten^lTOus. the casings are inanestedanangement With 
casu« diameters decreasl., in downward dlreclioa Cement annua are 
provided between the outer surfaces of the casings and the borehole wall to 
seal the casings ftpm the borehole wan. As a consequence of this nested 
»«ngementarelalfrelyb,je borehole diameter is required at the upper pari 
oftheweHbore. Such a laige borehole diameter lnvohesi™:reased costs due 
to heavy casing ha^fling eqdpment. large drill bits and increased volumes of 
drilHngfluldanddrillcuttlngs. Moreover, increased drilling rig time is involved 
<lue 10 required cement pumping, cement hariertng, required equipment 
changes due to Uuge variations In hole diameters drilled in the course of the 
weHandthelargevolumeofcuttingsdriiledand removed. 

n« present Imremion Is directed to ove«:oming one or more of the 
limitations of the existing 
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procedures for forming new sections of casing in a 
wellbore. 



10 



Summary of the Invention 

According to one aspect of the present invention, 
there is provided an apparatus comprising.- a wellbore; 
a first wellbore casing coupled to the wellbore; a 
second wellbore casing coupled to the wellbore and 
overlapping with the first wellbore casing; and a tie- 
back liner coupled to the first and second wellbore 
casings and overlapping with the first and second 
wellbore casings; wherein the tie-back liner is coupled 
to the first and second wellbore casings by the process 
of: extruding at least a portion of the tie-back liner 
15 off of a mandrel. 

According to another aspect of the present 
invention, there is provided an apparatus comprising: a 
wellbore; a first wellbore casing coupled to the 
wellbore; a second wellbore casing coupled to the 
wellbore and overlapping with the first wellbore 
casing; and a tie-back liner coupled to the first and 
second wellbore casings and overlapping with the first 
and second wellbore casings; wherein the tie-back liner 
is coupled to the first and second wellbore casings by 
the process of: radially expanding at least a portion 
of the tie -back liner within the wellbore. 
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Brief Descrip tion of the Drawln<Ts 

Pig. 1 is a fragmentary cross-sectional view 
30 illustrating the drilling of a new section of a well 
borehole . 

Fig. 2 is a fragmentary cross-sectional view 
illustrating the placement of an embodiment of an 
apparatus for creating a casing within the new section 
35 of the well borehole. 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmenlaiy cross-sectional view illustrating the 
IniecUon of a first quantity of a haidenable fMdic sealing material into the new 
section of the well borehole. 

FIG. 4 Is a ftagmentaiy cross-sectional view illustrating the injection of a 
second quantity of a haidenable fluidic sealing imterial into the new section of 
tile well borehole. 

FIG. 5 Is a ftagmentaiy cross-sectional view illustrating Uie driUing out of 
a portion of the cured hardenable fluidic sealing material from the new section 
of Uie weD borehole. 

FIG. 6 Is a cross-sectional view of an embodiment of tiie overiapping 
joint betvk/een adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of Uie apparatus for creating 
a casing wittiin a wefl borehole. 

FIG. 8 is a ftagmentaiy cross-sectional Ulustiation of tfie placement of an 
expanded tubular member v^ttiinanottiertiibular member. 

na 9 is a cioss-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing Including a drillable mandrel and shoe. 

RG. 9a is anotiier cross-sectional illustration of ttie apparatus of FIG. 9. 

no. 9b is anotiier cross-sectional iUustiation of tiie apparatus of FIG. 9. 

FIG. 9c is anotiier cross-sectional illustration of tiie apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional Illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional iUustration of the pumping of a fluidic sealing 

material into tiie annular region between the tubular member and the existing 
casing. 

FIG. lOd is across-sectional illustration of Uie pressurizing of tiie interior of 
tile tubular member below the mandrel. 

JO FIG. lOe is a cross-sectional illustration of the extmsion of the tubular 

member off of the mandrel. 

FIG. 1 Of is a cross-sectional iUustration of tiie tie-back Mner before driUing 
out the shoe and packer. 

FIG. lOg Is a cross-sectfonal iUustration of the completed tie-back Uner 
1 5 created using an expandible tubular member. 

FIG. 1 la is a fragmentary cross-sectional view iUustrating ttie drilling of a 
new section of a weU borehole. 

FIG. lib is a fragmentary cross-sectional view illustrating the placement of 

an embodiment of an apparatus for hangingatubular liner wittiinttie new section 
20 of the well borehole. 

FIG. 1 Ic is a fragmentary cross-sectional view iUustrating tiie Injection of a 
first quantity of a hardenable fluidic sealing material into tiie new section of tfie 
weU borehole. 

FIG. 1 Id is a fragmentary cross-sectional view IUustrating the introduction 
25 of a wiper dart into tiie new section of tiie well borehole. 

FIG. 1 1 e is a fragmentary cross-sectional view Ulustrating tiie injection of a 

second quantityofahardenablefhiidlcseaUng material into tiie newsectionofttie 
weU borehole. 

HG. llf is a fragmentary cross-sectional view iUustrating ttie completion of 
30 the tubular liner. 
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OetaUed Description of the Illustrative Embodiments 

An apparatus and method for fonning a wellbore casing within a 
subten^anean fomiaUon Is provided. The apparatus and method pemiits a 
wellbore casing to be fomied in a subten-anean fomiaUon by placing a tubular 
5 member and a mandrel in a new secUon of a weObore. and then extmding the 

tubuiarmemberoffofthemandrelbypressurizing an interiorportionof the tubular 
member. The apparatus and method further pemiits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fonning a tie-back liner using an expandable 
15 tubularmemberisalsoprovided. The apparatus and metiiod permits a tie-back 
liner to be created by extmding a tubular member off of a mandrel by pressurizing 
and interior portion of ttie tubular member. In this manner, a tie-back liner is 
produced. The apparahis and method further permits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding tire new tubular 
member into engagement with flie existing tubular member. 

An apparatus and metiiod for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, ttie interior portions of tiie apparatus is composed of materials that 
pennit tiie interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and mettiod for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular Uner to be 
attached to an existing section of casing. The apparatus and mettiod ftirther have 
application to the joining of tubular members in general. 



^ ReferringinitiaUytoFigs. 1-5, an embo'ciunentofanapparatiisakd method 

for forming a weUbore casing within a subterranean formation wiU now be 
described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 havinga 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 

a drill string 125 is used m a weU known manner to driU out material from the' 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 

10 asubterraneanformationisthenpositionedinthenewsectioniaoofthewellbore 
100. The apparatus 200 preferably inchides an «qjandable mandrel or pig 205, a 
tubular member 210, a shoe 215. a lower cup seal 220, an upper cup seal 225.' a 
fluid passage 230, a fluid passage 235. a fluid passage 240, seals 245. and a suppcirt 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 260. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The eigdandable mandrel 205 may comprise any 
number of conventional commerdaHy available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 «^bodiment.thee^«ndablemandiel206oomprise8alvdraulicexpansiontoo^ 
disclosed in U.S. Patent No. 5.348,096, the contents of which are incorporated 
berein by reference, modified in accordance with the teachings of the present 
disclosure. 

Thetubularmember210i8supportedbytheexpandablemandrel205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mmidrel 205. The tubular member 210 may be febricated from any 
number of conventional commercially available materials such as. for example 
Oilfield Comitiy Tubular Goods (OCTG), 13 chromium steel tubing/casing, or' 
plastic tubing/casing. In a prefenred embodiment, the tubular member 210 is 

30 fabricatedfix,mOCTGinordertomaximizeslxengfchaft«rexpansion. Theinner 
and outer diameters of the tubular member 210 may range, for exan^le, from 
approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms 
(1.05 to 48 inches), respectively, hi a preferred 

4» 
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embodiment, the uiner and outer diameters of the tubular member 2 10 range from 
about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), 
respectively in order to optimally provide minimal telescoping effect in the most ' 
commonly drilled weUbore sizes. The tubular member 210 preferably comprises a 
solid member. 

in a preferred embodiment, the end portion 260 of the tubular member 21 0 Is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred embodiment, 
the length of the tubular member 2 1 0 is limited to minimize the possibUily of buckBn^. 
For typical tubular member 2 1 0 materials, the length of the tubular member 2 10 is 
preferably Kmited to between about 12. 192 to 6.096m (40 to 20,000 feet) in length. 

The shoe 215 Is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. TTie shoe 215 may 
comprise any number of conventional commercially available shoes such as, 
for example. Super Seal 0 Hoat shoe. Super Seal II Down-Jet float shoe or a 
guide shoe with a sealing sleeve for a latch down plug modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
shoe 215 comprises an aluminum down-jet guide shoe with a sealing sleeve for 
a latchKlown plug available from HaUiburton Eneigy Services in Dallas. TX, 
modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 210 in the wellbore. optimally provide an 
adequate seal between tiie Interior and exterior diameters of tile overiapping 
joint between tiie tubular members, and to optimally aUowtiie complete drill 
out of the shoe and plug after tfie completion of tiie cementing and expansion 
operations. 

In a prefened embodiment, tiie shoe 215 includes one or more ttirough 
and side outiet ports in fluidic communication witti ttie fluid passage 240. In 
ttiis manner, ttie shoe 21 5 optimally injects hardenable fluidic sealing material 
into tfie region outside the shoe 215 and tubular member 210. In a preferred 
embodiment, tiie shoe 215 includes the fluid passage 240 having an inlet 
geometry tfiat can receive a dart and/or a ball sealing member. In tfiis manner, 
the fluid passage 240 can be optimally sealed off by Introducing a phig, dart 
and/or ball sealing elements into tiie fluid passage 230. 
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^ The bwer cup seal 220 is coupled to ancTiupported by the s^ppIjVt member 

260. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 206. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example. TP cups, or Selective Injection Packer 
(SIP) cupsniodifiedinaccordance with the teachings of the present disctosure. In 
apreferred embodiment, the lower cupseal220comprisesaSIP cup seal, available 

fromHalliburtonEnei^ySendcesin Dallas. TXinordertooptimaUybl^ 
material and contain a body of lubricant. 

10 The upper cup seal 225 is coupled to and supported by the support member 

250. Theuppercttpseal225prevent8foreignmaterialsfromenteringtheinterior 
region of the tubular member 210. The upper cup seal 225 may comprise any 

numberofconventionalcommerdalbravailablecupsealssuchas,forexample TP 
cups or SIP cups modified in accordam« with the teachings of the pre^nt 

16 d«clo8ure. In a prefetted embodiment, the upper cup seal 225 comprises a SIP 

cup,av«IableftomHalliburtonEnergyServicesinDallas.TXinordertoopt^ 
block the entiy of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinteriorregionof the tubular member210belowthe«q«ndableaandrel 
20 205. The fluid passage 230 is coupled to and portioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 pieferabfy 
extends from a position a(«acent to the suifece to the bottom of the expandable 

mandrel205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 

The fluid passage 230 is prefirably selected, in the casing running mode of openrticH,. to 
trBiin)art n»terials such as driUiag nmd or fonnation 

from about 0 to 1 1356.2355 litresAninute (0 to 3.000 gallonsAninute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to nriainuze dnig on the tubular inembcr being run an^ 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 



„^ collapse. 
30 



Thefluidpas8age235permitsfluidicmateriaIstoberelea8edfromthefluid 
passage 230. In this mamier. during placement of the apparatus 200 within the 



235 » co„p,«^ .0 pcitio.^, ^thin the .pport n.e^„ 250. ThTZ 

The fluid p,^ 235 preferably include. . .oat™i ™l™ for controBehiy 

^auddosinsthefluidpeeea^aas. lo a preferred «nbodi»«., the .<„trj 
v.l™«preasuxe.otivaUdinorder.oe«..„B.fc^.^^^^^ 
-^0--^3.iap„rer.h„po.i«»«.^^^J^-^^^ 
10 ofthe apparatus 200. v^Mverune 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging fiom about 0 to 11356.2355 Utres/minute (0 to 3 000 
gallons^e) and 0 to 620.52813 bar (0 to 9.000 psi) in Older to reduce the dxag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 nuninnze surge pressures on the new wellbore section 130. 

Ole itaid paaaage 240 penuit, fluidio ^ ^ 

the repon exterior .0 the tubular member 210 and ah« 215 lie fluid 
- <■ "upW t. and p^itiened ^.hin the aho. 216 Tfl^ 

*^tpe™taaplu,,„rother.in^d.^^^,^^,^ 

•ottereby block fluti>erp.aaage„fauidicn«teri.la In thi. manner ZZT 
region of the tubular member 2in h.i™. .v ™mer, the mtenor 

flmMW.- ...^ eq»n<W>Ie mandrel 20« can be 

2^,™tatediromtheregione«eri<..othetubularmemb.r210.,lispermiL 

*em.er.orreg.nofth.tubularm«nber210b..owthee^blemanL™t 
tobepreaauriad. Uie fluid paasage 240 ia nmf«,Ki "»«°drel206 

.J.-.thec.n..,lineof.heapZrr 

Tie fluid paaaag. 240 ia preferably aelected to convey material auch aa 
^«.dnlhngm„d,r.poxi..a.Bow«««,p^,^,3.^^^„^„,„^"'" 

'Zf !'^"°^"'"'°'''^*^°-^"''>-^'''°«20.528nbar(0,o9 000 



^ includes an inlet geometry that can receive a'dak an6/or 'a hall member 
In this manner, the fluid passage 240 cai be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260ofthetubularmember210tobefluidicly8ealed. The seals 245 may comprise 
any number of conventional commerdaUy available seals such as. for example 
10 I^n*ber.Teflon™.orcpoxyscalsmodifiedinaccoidaiK:eMdthlheteacto^ 

thepresentdisdosure. In a preferred embodiment, the seals 245 are molded from 
Stratalockep«^availabIefromHaaiburtonEaerByServicesinDallas.TXin^^^^ 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
16 In apreferred embodiment, the seals 245 are selected to optimally provide 

a sufficient Actional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictional foi« optimal^ 
provided by the seals 245 x^ges fiom about 68.94757 to 68.947.57 bar (1 000 to 
1.000.000 IbO in order to optimally support the expanded tubular member 2 10. 

20 T^^supportmember260i8coupledtotheexpandablemandrel205,tubular 
member 210. shoe 215. and seals 220 and 225. The support member 260 
preferably comprises an amiular member having sufficient strength to cany the 
apparatus 200 into the new section 180 of the wellbore 100. In a preferred 

««*«iiaent,thes.q,portmember260itoJierinchidesoneormore^^^ 
25 centralizers (not musfcrated) to he^ stabilize the apparatus 200. 

In a prefeired embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubularmember210. In this mamier. the extrusion ofthe tubular member 210 off 
oftheexpandablemandrel205isfaciHtated. The lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as, for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500 
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^ Antisieze (3100) availablefrom Climax Lubriciits and Eiiipjientci/hi Houston, 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
^ process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remainingportionsofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 

minimizes thepossibilityofforeign material clogging the variousflowpassages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 

apparatus200andtoensurethatnoforeignmaterial interferes with the expansion 
process. 

15 AsilhistratedinFig. 3, the fluid passage 235 is then closed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
^ interior region 310 of the tubular member 210 below the expandable mandrel 206. 

The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exite the apparatus 200 and Alls the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular regioi 315. 
The material 305 is preferably pun^ into the amiular region 3 15 at pressures 
25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5.678. 1 177 litres/minute (0 to 1,500 gaUons/inin), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and weUbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably determined 
using conventional empirical methods. 

30 

The hardenable fluidic sealing material 305 may con^rise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 



( for example, slag mix, cemen. or epoxy. In a pre;en«i' embodiment. U,e 

hardenable Huidic sealing matertal 305 comprises a blended cement prepared 
specifically for U,e particular well section being drilled from Halliburton Energy 
^"'-«">Dallas.-n(i„o.der.op,ovideoptimalsuppor,fortubularmember2l0 
5 -'^e'^o-naintalningopttmumllowcbarac.eristlcssoas.ominimizedimculdes 
du,fag,hedisplacementofcememin.heannular,egion3l5.-n,e optimum blend 
of the blended cement Is p«fena„y detemrined using convenUonal empirical 
methods. 

•n.eannular,esion3l5prefe,ablyisflUedwithlhematerial305i„sullicient 
quantities to ensure that, upon radial expamion of the tubular member 210 the 

annular region3l5of the new section ISOofthewellbore 100 will be Med with 
material 305. 

In a particularly preferred embodiment, as ilhistiated In Fig. 3a. the wall 

'h'^''™«-"f/orthe„u.erdiame.erofthetubula,member2I0isreducedinthe 
15 region adjacent to the mandrel 205 in order optimally penrtt placement of the 

apparatus200inposlUo„sinthe««|lbo,ewithtight clearances. FunhemH>,e In 
Ws mam», the Inldation of the «dial expansion of the tubular member 210 
dunng the extnision process is optimally facilitated. 

20 fflled wth matertal 305, a plug 405, or other similar device, is introduced into the 

fluidpassage240,herebyfluidiclylsolating.heintedo,region310ft»mtheannular 
region 31 5. In a preferred embodiment, a non-l«rdenable fluidic material 306 is 
then pumped into the interior region 310 causing the interior region to pressurize 
In this manner, the 'nteriorof the expa^ied tubular member 210 wiU no. contain 
s,gnlficantamountsofcu»dmaterial305. IWs reduces and simplifies the cost of 

the entire process. Alternatively, the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sulliclently pressurized, the tubular 
"'«>*er2«01sext,udedolfoftheexpandablemandrel205. During the extmsion 
30 process, the expandable mandrel 205 may be raised out of the expanded poriion 
of the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at app,„ximately the same rate as the tubular 



^ member 210 is expanded in oMer to keep tfii'tobular meiberiio kationaxy 
relative to the new weUbore section 130. In an alternative preferred embodiment 

^ *^^«^°°P~<«««i«commencedwi<itl^t«bularmember210positionedabove' 
the bottom of the new wellbore section 130. keeping the mandrel 205 stationary 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fali 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surfece location in a conventional 
mamier. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

availabIedevicesfrompluggingafluidpassagesuchas.forexample.MultipleStage 
Cementer (MSG) lateh^own plug. Omega latch-down plug or thr^e-wiper latch- 

downplugmodifiedinaccordancewitttheteachingsofthepresentdisclosure In 

15 apieferrBdembodiment.theplug405comprisesaMSClatch.downplugavailable 
Srom Halliburton Energy Services in Dallas. TX. 

After placement of the plug 405 in the fluid passage 240. a non hardenable 
- fluidicmaterial 306 is preferably pmnped into the interiorregion 310atp«88ur« 

and flow rates ranging, for example, from approximately 27.579028 to 689 4757 bar r400 
.0to^^.000ps0arK,n3.5623toI5I4I.6473Wn^.e(^^ 

^manner, thcamountofhardcnablefluid^^ 

P^ug405mthefl.dpassage240.thenonhardeaablematerial306is 
mto^eu.«,orrcg.or.310atpressu«^ 

25 ^' IT'T^ ^ ^'^ - ^ ^3^^-23^' "tres/minute (40 

25 to3.000gaUons/hun)inordertomaximizetheextn,sionspeed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effecte upon the tabular member 210 during the 
expansion process. These eflecte will be depend upon the geometoy of the 

«^o»mandxel205.thematerialcompositionofthetubularmember210and 
30 expansion mandrel 205. the inner diameter of the tubular member 210, the wall 

thicknessoftiie tubular member210. the typeoflubricant. and theyieldstrength 
j,fthetubularmember210. In general, the thicker the waU thickness, the smaUer 

ft 
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^ the inner diameter, and the greater the yield of the tubul^ member 210, 

then the greater the operating pressures 'required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
310 readies, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 206 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ftfeec. In apreferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for ±t expansion process while also perautting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 wiU preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlappingjoint. The contact 
pressure of the overlying joint may range, for example, from approximately J.447379 to 
1,278.9514 bar (50 to 20,000 psi). In a prefeired embodiment, the contact pressure of the 
20 overlappingjoint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in 
order to provide optimmn pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 

Theoverlappingjoint between the section 410oftheexisting casing 115and 
the section 265 of the eqwnded tubular member210preferablyprovidesagaseous 
26 and fluidic seal. In a particularly preferred embodiment, the seahng members 246 
optimally provide a fluidic and gaseous seal in the overlappingjoint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 306 is controUably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimized. In a 



^ preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during tlie end of the extrusion process beginning 
when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock cauised by the sudden release of presstire. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is conq>leted, the eiqiandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the esqiandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the espanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
uised in combination with a conventional drilling assembly 506 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure* 

As illustrated in Fig. 5, preferably any remaining cured material 305 vrithin 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 ofcured material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
_ shoe 215 and dart 405 usmg conventional drilling methods. 
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In a preferred embodiment, as Uluitraled in'f ig.' e! the* t/ppWr portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure reBef holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 1 15 and the upper portion 260 of the tubular 
member 210 is pressure-tight and Uie pressure on the interior and exterior 
surfaces of tfie tubular member 2 1 0 is equalized during the extnision process. 

In a prefened embodiment, ttie sealing membere 605 are seated wiUiin 
recesses 615 fomied in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an altemative preferred embodiment, the seaUng 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 210. TTie pressure relief holes 610 ar« 
preferably positioned in ttie last few feet of tfie tubular member 210. The 
pressure relief holes reduce flie operating pressures required to expand tt,e 
upper portion 260 of ttie tubular member 210. This reduction in required 
operating pressure in turn reduces the velocity of tiie mandrel 205 upon tfie 
completion of ttie extnision process. This reduction in velocity in turn minimizes 
ttie mechanical shock to tfie entire apparatus 200 upon the completion of the 
extmsion process. 

Refemng now to Fig. 7, apparatus 700 for fomiing a casing wltfiin a 
wellbore preferably includes an expandable mandrel or pig 705. an expandable 
mandrel or pig container 710. a tubular member 715, a float shoe 720. a lower 
cup seal 725. an upper cup seal 730, a fluid passage 735, a fluid passage 740. a 
support member 745. a body of lubricant 750, an overehot connection 755. 
another support member 760, and a stabilizer 765. 

nie expandable mandrel 705 is coupled to and supported by tfie support 
member 745. The expandable mandrel 705 Is furtiier coupled to tiie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure, 
tiie expandable mandrel 705 preferably comprises a hydiauBc expansion tool 
substantiaUy as disclosed in U.S. Pat. No. 5,348,095, tfie contents of 



which are fncoiporated liereintiy rkereiide. in'odlHei iil'accoidance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
to the expandable mandrel 705. The expandable mandrel container 710 maybe 
constructed from any number of conventional commercially available materials 
such as. for example. Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The e3q)andable mandrel container 710 may be preferably 
fabricated from material having a greater strength than the material from which 
the tubular member 715 is fabricated. In this manner, the container 710 can be 
fabricated from a tubular material having a thinner wall thickness than the 
tubular member 210. This permits the container 710 to pass through tight 
clearances thereby faclHtating its placement within the wellbore. 

Once the expansion process begins, and the thicker, lower strength 
material of the tubular member 715 is expanded, the outside diameter of the 
tubular member 71 5 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direcUon and extnrded off of the expandable mandrel 705 substantially as 
described above with reference to Hgs. 1^. The tubular member 71 5 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. TTie tubular member 
715 maybe fabricated frY>m OCTG. 

The tubular member 715 preferably has a substantially annular cross- 
section. More preferably, the tubular member 715 has a substantially circular 
annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intemnediate section 81 0, and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by tfie region beginning in Uie vfcinity 
of Uie mandrel container 710 and ending witii tiie top section 820 of tfie tubular 
member 715. The intermediate section 810 of tfie tubular member 715 is 
preferably 

defined by tfie region beginning In tfie vicinity of tfie top of tfie mandrel container 
710 and ending witfi tfie region in ttie vicinity of tfie mandrel 705. The lower 



region beginning in the vicinity df4Ke mancireV^S ancl ending at the bottom 825 
of the tubular member 715. 

The waD thiclmess of the upper section 805 of the tubular member 715 
may be greater than the wall thicknesses of the intemiediate and lower sections 
810 and 815 of the tubular member 715 in order to opUmally faciliate the initiation 
of the extnision process and opUmally permit the apparatus 700 to be positioned 
in locations in the weUbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 2.667 to 12 1.92 cms 
(1 .05 to 48 inches) and 0.3175 to 5.08 cms (1/8 to 2 inches), respectively. The 
outer diameter and waU thickness of the upper section 805 of the tubular 
member 715 may range from about 8.89 to 40.64 cms (3.5 to 1 6 inches) and 0.375 
to 3.81 cms (3/8 to 1.5 inches), respectively. 

The outer diameter and wall thickness of the intenmediate section 810 of 
the tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 
to 50 inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the intemiediate section 810 of tiie tubular 
member 715 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 
0.3175 to 3.1 75 cms (1/8 to 1.25 inches), respectively. 

■nie outer diameter and waU ttiickness of ttie lower section 81 5 of tfie 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 
50inches)and 0.15875 to3.175cms(l/16 to 1.25 inches), respectively. TTieouter 
diameter and wall thickness of ttie lower section 810 of tfie tubular member 715 
may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3. 1 75 
cms (1/8 to 1.25 inches), respectively. The wall tiiickness of tfie lower section 
81 5 of tile tubular member 7 1 5 may be ftirtfier increased to increase tiie strengUi 
of ttie shoe 720 when drillable materials such as, for example, aluminum are 
used. 

The tubular member 715 preferably comprises a soUd tubular member. 
The end portion 820 of the tubular member 715 may be slotted, perforated, or 
otiien^dse modified to catch or slow down the mandrel 705 when it completes 
ttie extrusion of tubular member 715. The lengtti of ttie tubular member 715 may 
be linUted to minimize ttie possibility of buckUng. For typical tubular member 



715 materials, the length of therttibiHar memter TlffmaV be preferably limited to 
between about 12.192 to 6,096 m (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. The shoe 720 may 
further include an inlet pass^e 830, and one or more jet ports 835. Preferably, 
the cross-sectional shape of the inlet passage 830 is adapted to receh^e a latch- 
down dart, or other similar elements, for blocking the inlet passage 830. The 
interior of the shoe 720 preferably includes a body of solid materia] 840 for 
increasing the strength of the shoe 720. The body of solid material 840 
preferably comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Dovm-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
down-jet guide shoe with a sealing sleeve for a latch-down plug available from 
Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate tfie removal of the 
shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by ttie support 
member 745. The lower cup seal 725 prevents foreign materials fiiom entering 
tfie interior r^on of the tubular member 715 above Uie expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
commercially available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIP) cups modified in accordance with the teachings of the 
present disclosure. The lower cup seal 725 may comprise a SIP cup, available 
from Halliburton Energy Sendees in Dallas, TX in order to optimally provide a 
debris barrier and hold a body of lubricanL 

The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
the interior region of ttie tubular member 715. The upper cup seal 730 may 
comprise any number of conventional corrvnercially available cup seals such as, 
for example, TP cups or Selective Injection Packer (SIP) cup modified in 
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accordance with the teachings of the* present cflsclostire/The upper cup seal 730 
may comprise a SIP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant 

The fluid passage 735 permits fluidic materials to be transported to and 
from the interior region of the tubular member 715 belov^ the expandable 
mandrel 705. The fluid passage 735 is fluidicly coupled to the fluid passage 740. 
The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 735 is preferably positioned along a centerline of the apparatus 
700. The fluid passage 735 is preferably selected to transport materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
151.4164 to 1 1356.2355 litres/minute (40 to 3,000 gallons/minute) and 34.473 to 
620.52813 bar (500 to 9,000 psi) in order to provide sufficient operating pressures 
to extmde the tubular member 71 5 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 v^thin a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. The apparatus 700 further includes a pressure release passage that is 
coupled to and positioned v^thin the support member 260. The pressure release 
passage is further fhiidicly coupled to the fluid passage 735. The pressure release 
passage preferably includes a control valve for controllably opening and closing 
the fluid passage. The control vah^e may be pressure activated in order to 
controllably minimize surge pressures. The pressure release passage is 
preferably positioned substantially orthogonal to the centerline of the apparatus 
700. The pressure release passage is preferably selected to convey materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1892.7059 litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar 
(0 to 1,000 psi) in order to reduce the drag on the apparatus 700 during insertion 
into a new section of a wellbore and to minimize surge pressures on the new 
wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 715. The fluid passage 740 is 



preferably coupled to and posltkiried withiin thk'shod 720 In fluidic 
communication with the Interior region of the tubular member 715 below the 
expandable mandrel 705. The Huid passage 740 preferably has a cross-secUonal 
shape that permits a plug, or other similar device, to be placed in the inlet 830 of 
the fluid passage 740 to thereby block further passage of fluidic materials. In this 
manner, the Interior region of the tubular member 715 below the expandable 
mandrel 705 can be optimally fluldicly isolated from the region exterior to the 
tubular member 71 5. Hiis pennnits the interior region of the tubular member 7 1 5 
below the e;q>andable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 
gallonVminute) and 0 to 620.528 1 3 bar (0 to 9,000 psi) in order to optimally fiU an 
annular region between the tubular member 71 5 and a new section of a wellbore 
with fluidic materials. The fluid passage 740 may include an inlet passage 830 
having a geometry that can recehre a dart and/or a ball sealing member. In this 
manner, the fluid passage 240 can be sealed off by introdudr^ a plug, dart and/or 
ball sealing elements Into the fluid passage 230. 

The apparatus 700 may further Include one or more seals 845 coupled to 
and supported by the end portion 820 of the hibular member 715. The seals 845 
are fiirther positioned on an outer surface of the end portion 820 of the tubular 
member 715. The seals 845 permit the overiapping joint between an end portion 
of preexisting casing and the end portion 820 of the tubular member 715 to be 
fluldicly iealed. Tlie seals 845 may comprise any number of convfenUonal 
commercially available seals such as. for example, lead, mbber. Teflon™, or 
epoxy seals modified in accordance with the teachings Of the present disclosure. 
The seals 845 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in Dallas, TX in order to optimally provWe a hydraulic 
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seal and a load bearing interference Tit In the overiapping joint between the 
tubular member 71 5 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

The seals 845 may be selected to provide a sufficient frictionaJ force to 
support the expanded tubular member 715 from the existing casing. The 
frictional force provided by the seals 845 preferably ranges from about 68.94757 
to 68.947.57 bar (1 ,000 to 1 ,000,000 IbO in order to optimally support the 
ejqianded tubular member 71 5. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strengtfi to cany ttie apparatus 
700 into a new section of a wellbore. The support member 745 may comprise 
any number of conventional commercially available support members such as, 
for example, steel drill pipe, coiled tubing or ottier high strength tubular modified 
in accordance witti ttie teachings of tiie present disclosure. The support member 
745 may comprise conventional driU pipe available from various steel mills in ttie 
United States. 

A body of lubricant 750 may be provided in the annular region above ttie 
expandable mandrel container 710 wittiin ttie interior of ttie tubular member 715. 
In this manner, ttie extnision of ttie tubular member 715 off of Uie expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1500 Antisieze (3100). 
The lubricant 750 preferably comprises CUmax 1500 Antisieze (3100) available 
from HaBiburton Energy Sendees in Houston, TK in order to optimally provide 
lubrication to faciUate tfie extrusion process. 

The overshot connection 755 is coupled to ttie support member 745 and 
ttie support member 760. The overshot connection 755 preferably permits ttie 
support member 745 to be removably coupled to ttie support member 760. The 
overshot connection 755 may comprise any number of conventional 
commercially available 



overshot connections such as, for example, Innerstring Sealing Ad^ter , 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The 
overshot connection 755 may comprise a Innerstring Adapter with an Upper 
Guide available from Halliburton Energy Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strengtii to cany tiie 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coOed tubing or ottier high strengtti tubulars 
modified In accordance witti ttie teachings of the present disclosure. The 
support member 760 preferably comprises a conventional drill pipe available 
from steel mills in tiie United States. 

The stabilizer 765 is preferably coupled to ttie support member 760. The 
stabilizer 765 also preferably stabilizes tiie components of tiie apparatus 700 
within tiie tubular member 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter ttiat is about 80 to 99% of the 
interior diameter of tiie tubular member 7 1 5 in order to optimally minimis 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially available stabilizers such as, for exanq>le, 
EZ Drill Star Guides, packer shoes or drag bk>cks modified in accordance with 
tiie teachings of the present disclosure. The stabilizer 765 preferably comprises a 
sealing adapter upper guide available from Halliburton Energy Services in Dallas, 
TX. 

The support members 745 and 760 may be tiioroughly cleaned prior to 
assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material into tiie apparatus 700 is minimized. This 
minimizes the possibility of foreign material clogging tiie various flow passages 
and valves of the apparatus 700. 

Before or after positioning tiie apparatus 700 witiiin a new section of a 
wellbore, a couple of wellbore volumes are circulated 



through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
flow passages and valves of the appsuatus 700 cind to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion 
process. 

The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1 -7 to form a new section of casing within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the altemathre preferred embodiment, any number of fluidic 
materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, 
epoxy, slag mix, or drilling mud. In the alternative preferred embodiment, 
sealing members 815 are preferably provided at both ends of the tubular member 
in order to optimally provide a fluidic seal. In an alternative preferred 
embodiment, the tubular liner 810 is formed within a horizontally positioned 
pipeline section, such as those used to transport hydrocarbons or water, with the 
tubular liner 810 placed in an overiapping relationship with the adjacent pipeline 
section. In this manner, underground pipelines can be repaired without having 
to dig out and replace the damaged sections. 

In another alternative preferred emtxKiiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the altemath^e preferred 
embodiment, any number of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the wellbore such as, for example, cement, 
epoxy, slag mix, or drilling mud. 

Refening now to Figs. 9, 9a, 9b and 9c, a prefened embodiment of an 



apparatus 900 for fonning a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and construction of the 
mandrel 906 and shoe 908 penmits easy removal of those elements by drilling 
them out. In this manner, the assembly 900 can be easily removed from a 
wellbore using a conventional drilling apparatus and con«sponding drilling 
methods. 

The e]q>andible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 euid a lower portion 914. During operation of 
the apparatus 900, the tubular member 902 is preferably extmded off of the 
mandrel 906 by pressurizing an interior region 966 of the tubular member 902. 
The tubular member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 
915 is coupled to the upperportlon910of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 is preferably 
extruded off of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 91 5 preferably has a substantially 
annular cross-sectioa In a preferred embodiment, the wall thickness of the 
tubular member 915 is greater than the waH thickness of the tubular member 
902. 

TTie tubular member 9 1 5 may be fabricated from any number of 
conventtonal commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the hibular member 915 is fabricated from oilfield tubulars in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a particuiariy preferred embodiment, the tubular 
member 915 has a plastic yieW point ranging from about 275.9028 to 9307.92195 
bar (40,000 to 135,000 psi) in order to optimally provide approximately the same 
yield properties as the tubular member 902. The tubular member 915 may 
comprise a plurality of tubular members coupled end to end. 

In a prefened embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
and/or gaseous seal v»nth an existing section of wellbore casing. 
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In a preferred embodiment, the cor/ibin^ leistft 6f tt* hibiilar membeis 
902 and 915 are limited to minimize the possibility of buckling' For typical tubular 
member materials, the combined length of the tubular members 902 and 915 
limited to between about 12.192 to 6,096 m (40 to 20,000 feel) in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 91 2 of the 
tubular member 902 preferably Is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commerciaUy available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oOfield tubulais in order 
to optimally provide approximately tiie same mechanical properties as the 
tubular member 91 5. In a particularly prefeired embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307 92195 
bar (40,000 to 1 35.000 psi) In order to optimally provide approximately tiie same 
yield properties as the tubular member 915. 

■me wall thickness of the upper, intermediate, and lower portions. 910. 912 and 
914 of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 
1 .5 inches). In a piefened embodiment, the wall thickness of the upper, intemiediate 
and lower portions. 910. 912 and 914 of the tubular member 902 range from about 0 3175 
to 3. 1 75 cms (1/8 to 1 .25 inches) In order to optimally provide wall thickness that are 
about the same as the tubular member 915. In a prefened embodiment, the wall 
thkrkness of the lower portion 914 is less than or equal to the wall thickness of the upper 
portion 910 in order to optimally pmvide a geometry that will fi, into tight clearances 
downhole. 

The outer diameter of the upper. Intemiediate. and lower portions. 910. 912 and 
914 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms 
(1 .05 to 48 inches). In a prefened embodiment, the outer diameter of the upper 
Intennediate. and lower portions. 910. 912 and 914 of the tubular member 902 raiige 
from about 8.89 to 48.26 cms (3 to 19 inches) in order to optimally provide the ability 
to expand the most commonly used oilfield tubulars. 
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^ Tlie length of the tubular manber 902 is preftf dbly limited to between about 

0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 conrnxerdally available tubidar members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubidar member 902 
comprises Oilfield Cotmtiy Tubular Goods available from various U.S. steel mills. 
The tubtilar member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. In apreferredembodiment, the tubuJar member 915 comprises 
Oilfield Countxy Tubular Goods available fix>m various U.S. steel mills. 

The various elements of the tubiilar m^ber 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The varioiis elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
20 elements of the tubular member 916 are coupled using welding. The tubular 
member 915 may comprise a phiralily of tubular elements that are coupled end to 
end. The tubular members 902 and 916 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined firom one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
dxiring movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially flnm^i flr cross-section, 
to The support member 904 may be fabricated firom any nimiber of 

conventional commercially available materials such as, for example, oilfield 
_ tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

2lT 



^ embodiment, the support member 904 is fabrfddted from* W kloy in order 
to optimally provide high yield strength! 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional driU string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicty coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 Passage918isusedtoconv^hardenablefluidic8ealingmaterialstoandfromthe 
apparatus 900. In a particulartypreferred embodiment, the fluid passage 918 may 
include one or more pressure reUef passages (not illustrated) to release fluid 
pres8ureduringpositioningoftheapparatus900withinawellbore. Inapreferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 

904. The upper guide 920 preferably isad^ted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachmgs of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
mnerstringadapter available fromHalliburtonEnergyServicesinDallas^ 
to optima^ guide the apparel 900 within the tubular member 915. 

25 Thecoupling922couplesthesupportmember904tothemandrel906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
comiections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926. an 
expansion cone 928. a lower cone retainer 930. abody of cement 932, alower guide 
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^ 934, an extension sleeve 936, a spacer 938, a hdiiMn^ 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a gxiide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
6 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
cx>mmercially available retainers such as, for example, slotted Gfpring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the hibricator mandrel 

946, and the hibricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 026 may comprise any number of conventional 
commercially available rubber cxLpa such as, for example, TP cups or Selective 
16 Iiu'ection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available fh)m Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
numbn of conventional commercially available lubricants such as, for example, 
Lubriplate^, chlorine based lubricants, oil based lubricants or Qimax 1500 Antiseize 

(3100X Inapreferredembodiment,thelubricantcomprisesClimax 1500 Antiseize 
25 (3100) available firom Climax Lubricants and Equipment Co. in Houston, TX in 

order to optimal^ provide lubrication to fiudliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the bo<iy 

of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 

surface of the expansion cone 928. In a preferred embodiment, axial movement 
_ of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radiaJ movement of the exp'ansion cone 928 is 
prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. The 
outside diameter of the expansion cone 928 is preferably tapered to provide a cone 
shape. The wall thickness of the expansion cone 928 may range, for example, from 
about 0.3175 to 7.62 cms (0. 125 to 3 inches). In a preferred embodiment, the waU 
thickness of the expansion cone 928 ranges from about 0.635 to 1 .905 cms (0.25 to 0.75 
inches) in order to optimally provide adequate compressive strength with minimal 
material. The maximum and minimum outside diameters of the expansion cone 928 
may range, for example, from about 2.54 to 1 19.38 cms (1 to 47 inches). In a prefeired 
embodiment, the maximum and minimum outside diameteis of the expansion cone 928 
range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimally provide 
e}q>ansion of generally available oilfield tubulars. 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low alloy steel. In a preferred embodiment, the expansion 
cone 928 is fabricated from tool steel In order to optimally provide high strengUi 
and abrasion resistance. The surface hardness of the outer surfece of the 
expansion cone 928 may range, for example, from about 50 RockweU C to 70 
RockweU C. In a prefened embodiment, the surface hardness of the outer 
surface of the expansion cone 928 ranges from about 58 Rockwell C to 62 
RockweU C in order to optimally provide high yield strengtii. In a prefened 
embodiment, Uie expansion cone 928 is heat ti^ated to optimally provide a hard 
outer surface and a resilient interior body in order to optimally provide abrasion 
resistance and fracture toughness. 

The tower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a prefened embodiment, axial movement of the expansion cone 
928 Is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low alloy steel In a prefened embodiment, the lower cone 
retainer 930 is fabricated from tool steel In order to optimally provide high 
strength 
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( and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C In a prefened embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 In order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 Is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, tiie lower cone retainer 930 and the expansion 
1 0 cone 928 are fonned as an integral one-piece element in order reduce the number 
of components and increase the overall strengtii of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates witti the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned witfiin tiie interior of tiie mandrel 906 
15 The body of cement 932 provides an inner bearing stnjcture for tfie mandrel 906 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In Uiis manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commerciallyavailable cement compounds. Altematively. aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. TTie body of cement 932 preferably hasasubstantlally annular cross- 



section. 



The lower guide 934 is coupled to tiie extension sleeve 936 and housing 940 
25 During operation of tiie apparatus 900. the lower guide 934 preferably helps guide 

ttiemovementofthemandrel906wlttiintt,elubularmember902.-niek>werguide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commerciallyavailable materials such as. for example, oilfield tubulars. low alloy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 is 

fabricated fromlowalloysteelinordertooptimally provide highyieldstiength.nie 



outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sBding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helpsguidethemovementofthemandrel906withinthetubularmember902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, tiie 
10 extension sleeve 936 is fabricated from low alloy steel in order to optimally provide 
high yield strengtii. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and ttie lower guide 934 are 
fom^ed as an integral one-piece element in order to minimize the number of 
1 5 components and increase tiie stirengUi of Uie apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate wiUi the extension 
lube 960 of the shoe 908. In Uiis manner, a plug or dart can be conveyed from the 
surface tfirough tfie fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-sectioa 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas,for example, steel, aluminumorcastlroa 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 
to optimally provide driUabiUty. The end of the spacer938 preferably males with tiie 

25 endofUieextensiontube960. In a preferred embodiment, ttie spacer 938 and the 
sealing sleeve 942 are fonmed as an integral one-piece element in order to reduce 
ttie number of components and increase ttie strengUi of tfie apparatus. 

The housing 940 is coupled to ttie lower guide 934, extension sleeve 936. 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 

30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of ttie expansion cone 928. Preferably, ttie housing 940 has a substantially 
annular cross-section. 



( The housing 940 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars. low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a preferred 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
fonned as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly prefen^ed embodiment, the interior surface of the housing 
940 includes one or more protrusions to facUiate the connection between the 
10 housing 940 and the body of cement 932. 

The seaUng sleeve 942 is coupled to the support member 904, the body of 
cement 932. the spacer 938. and the upper cone retainer 944. During operaUon of 
the apparatus, the seaBng sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substanUally annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a prefen-ed embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillabiliiy of the sealing sleeve 942. 

In a particulariy prefen-ed embodiment, the outer surface of the seaUng 

sleeve 942includes one ormoreprotnislons to faciUate the connection between the 
sealing sleeve 942 and the body of cement 932. 

Inaparticularlypreferred embodiment, the spacer938 and the sealir« sleeve 
25 942 are Integrally formed as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to the expansion cone 928. the 
seafing sleeve 942. and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 

30 cone928. Preferably, the upper cone retainer 944 has a substantially annular cross- 
section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aduminum or cast iron. In a prefen^ed embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the upper cone 
5 retainer 944. 

In a particulariy preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
prefen^ed embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 

1 0 of material that v^ould have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 

15 mandrel906and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefen^ed embodiment, the lubricator mandrel 946 is 

20 fabricated from aluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the mbl>er cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the rubber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 couples the mbber cup 926 to the lubricator sleeve 948. In a 
preferred embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946, lubricator sleeve 948, and mbber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional commercially 
available materials such as, for example, steel, aluminum or cast iron. In a preferred 
emtxxliment, the guide 950 is fabricated from aluminum order to optimally provide 
driUability of the guide 950. 

The fluid passage 952 is coupled to the mandrel 906. During operation of the 
apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. In a 
preferred embodiment, the fluid passage 952 is positioned about the centerline of the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 952 is adapted 
to convey hardenable fluidic materials at pressures and flow rate ranging from about 0 to 
620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 fitres/minute (0 to 3,000 gallons/min) in 
order to optimally provide pressures and flow rates to displace and circulate fluids 
during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number of 
conventional process such as, for example, threaded connections, welded connections 
or cementing. In a prefenred embodiment, the various elements of tiie mandrel 906 are 
coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 91 4 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of the tubular memt>er 902 
to the shoe 908 
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f to facilitate the extrusion and posiUoning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 piefen-ed embodiment, the housing 954 is fabricated from aluminum in order to 
opUmally provide drillability of the housing 954. 

In a particulariy prefen'ed embodiment, the interior surface of the housing 
954 includes one or more protmsions to faciUate the connecUon between the body 
of cement 956 and the housing 954. 
10 The body of cement 956 is coupled to the housing 954. and the sealing sleeve 

958. In a prefen-ed embodiment, the composition of the body of cement 956 is 
selected to pemiit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for tiie body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 
20 of tiie apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 

hardenablefluidicmateriaJfromthefluid passage 952 intothefluidpassage962and 
then into the outlet jets 964 in order to inject the hardenable fluidic material into an 
annular region external to the tubular member 902. In a preferred embodiment 
dunng operation of the apparatus 900. the sealing sleeve 958 further includes an' 

25 '"'etgeometrythatpemtiitsaconventionalplugordart974tobecomelodgedinUie 
•met of the sealing sleeve 958. In this manner, the fhild passage 962 may be 

blocked therebyfluidiclyisolating the lnterioriegion966of the tubularmember902. 

Inapreferred embodiment, thesealing sleeve 958 hasasubstantiallyannular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel 
aluminum or cast Iron. In a preferred embodiment, tiie sealing sleeve 958 is 



fabricated from aluminum in order to optimally provide drillabilily of the sealing 
^ sleeve 958. 

- The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to conv^r a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then iuto the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region eztenial to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 ftirther includes In inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 

therebyfluidic^yisolatingtheinteriorregion966ofthetubularmember902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
^ annularcross-section. The extension tube 960 may be fabricated from any number 

of conventional commercially available materials such as, for example, steel. 

aluminum or cast iron. In a preferred embodiment, the extension tube'960 is' 
20 fabricated from ahmiinum in order to optimally provide drillabilify of the 

extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960. and one or more outlet jets 964. During operation of the apparatus 900 
the fluid passage 962 is preferably conveys hardenable fluidic materials In a 
25 preferred embodiment, tte fluid passage 962 is positioned about the centerlme of 
theapparatus900. In a pari:icularlyprefen«i embodiment, the fluid passage 962 
IS adapted to convey hardenable fluidic materials at pressures and flow rate 
rangu^ from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 (0 to 3.000 
gallons/mm) in order to optimaUy provide fluids at operationally efficient rates. 

JO Theoutietjets964arecoupledtothesealingsleeve958.theextensiontube 
960, and the fluid passage 962. During operation of the apparatus 900. the outlet 
jets 964 preferably conv^ hardenable fluidic material from the fluid passage 962 



^ to the region earterior of the apparatus 9b0. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The varioiis elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularity 
preferred embodiment, the apparatus 900 includes the tubxdar member 915. In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Continued pumping ofthe hardenable fluidic sealing material causes the 
material to fifl up at least a portion of the flnmilpr region. 

The hardenable fluidic sealmg material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 
psi) and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respectively. In a preferred embodiment. 
&e hardenable fluidic scaling material is pwspcd into tiw annular region at pressures 



and flow rales thai are designed for the specific welJbore section in order to 
optimize the displacement of the hardenable fhiidic sealing material while not 
creating high enough circulating pressures such that circuIaUon might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operational difficultiesduring the displacement of the cemenlin the annular region. 
The optimum composition of the blended ciements is preferably determined using 

15 conventional empirical methods. 

The annular region preferably is flUed with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the weflboie wiU be filled 
with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably Is introduced 
into the fluid passage 962 thereby fluidicly isolating tfie interior region 966 of the 
tubular member 902 from the external annular region. In a prefeired embodiment, 
a non hardenable fluidic material is ttien pumped Into the interior region 966 

5 causing the interior region 966 to pressurize. In a particulariy preferred 
embodiment, the plug or dart 974, or other similar device, preferably Is Inlioduced 
into the fluid passage 962 by introducing the plug or dart 974, or other simUardevice 
into the non hardenable fluidic material. In ttiis manner, the amount of cured 
material within the Interior of the tubular members 902 and 91 5 Is minimized. 

0 Once the interior region 966 becomes sufficienUy pressurized, the tubular 

members 902 and 915 are extmded offof tiie mandrel 906. The mandrel 906 may 



be fixed or it may be expendible. Ddring the extrusion process, the mandrel 906 
( is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantial^ stationaiy. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any munber of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down pltig modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSG latch-down phig available from Halliburton Enezgy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fhiidic material is preferably pumped into the interior region 966 at 
16 pressures and flow rates ranging from approximately 34.473 to 620.52813 bar (500 to 
9,000 psi) and 151.4164 to 1 1356.2355 litres/tainnte (40 to 3,000 galloustoin) in oider to 
optimally extnide die tubular members 902 and 915 ofiTof the mandiel 906. 

For typical tubular members 902 and 915, the exlniskm of die tubular members 902 and 915 oflF 
of die aq>aiidable mandrel wiD begin when die pressure of die interior region 966 reaches qiproximately 
34.473 to 620.52813 bar (500 to 9.000 psi). In a pieiened embodiment, die extrusion of die tabular 
members 902 and 915 off of the mandrel 906 begins when the pressure of d» intaior region 966 reaches . 
approximately 82.7352 to 586.041 bar (UOO to 8.500 psO widi a flow rate of about 151.4164 Id 
4731.7648 litres/minute (40 to 1250 gallons/minute). 

During the extnision process, the mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 
2g to 1 .524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extnision process, the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 fl/sec) in order to optimally provide 
pulling speed fast enough to pennit efiScient operation and pemiit full expansion of the 
tubular members 902 and 915 prior to curing of the hardenable fluidic sealing material; 
but not so fist that timely adjustment of operating parameters during operation is 
30 prevented. 



When the upper end portion of the tubular member 915 is extnided off of the 
mandrel 906. the outer surface of the upper end portion of the tubular member 9 1 5 win 
preferably contact the interior surface of the lower end portion of the existing casing to 
. . forni an fluid dght overlapping joint The contact pressure of the overiapping joint may 
range, for example, from approximately 3.447379 to 1.278.9514 bar (50 to 20.000 psi). In 
a prefened embodiment, the contact pressure of the overiapping joint between the 
upper end of the tubular member 915 and the existing section of weDbore casing ranges 
ftom approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally 
provide contact pressure to actuate the sealing members and provide optimal resistance 
such that the tubular member 915 and existing wellbore casing wiU cany typical tensile 
and compressh^ loads. 

In a prefenred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be controUably ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 
manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 off of ttie expandable mandrel 906 can be minimized. In a 
preferred ennbodiment. the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion pnx:ess 
beginning when the mandrel 906 has completed approximately all but about the 
last 1.524m (5 feet) of the extnjslon process. 

In an alternative preferred embodiment, the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controUed during all phases of the operation of the apparatus 
900 to minimize shock. 

Alternatively, or in combination, a shock absort>er is provided In tfie 
support member 904 In order to absort> the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catchii« structure is provided 
above the support member 904 in oider to catch or at least decelerate the 
mandrel 906. 

Once the extnislon process Is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment, either before or after ttie removal 
of the 



/A 



mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overiapping 
joint between the upper portion of the hjbular member 915 and the lower portion 

5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the e^nded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of wellbore is then allowed to cure. 

1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular layerof cured hardenable fluidic sealii^ material. The bottom portion 

5 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an altematwe embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a convenUonal drill string is used to drill out 

0 the interior sections of the apparatus 900 in order to facilitate the removal of the 
remaining sections. In a prefenned embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that pemiit a conventional driD string to be employed to drill out the 
interior components. 

> In particular, in a prefen-ed embodiment, the composition of the interior 

sections of tfie mandrel 906 and shoe 908, including one or more of ttie body of 
cement 932, ttie spacer938, ttie sealing sleeve 942, the upper cone retainer 944, ttie 
lubricator mandrel 946, ttie lubricator sleeve 948, the guide 950, the housing 954, ttie 
body of cement 956, ttie sealing sleeve 958, and ttie extension tube 960, are 

1 selected to permit at least some of these components to be drilled out using 
conventional drilling mettiods and apparatus. In tiiis manner. In Uie event of a 

hX 
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malfunction downhole. the apparatus 900 may be easily removed from the 
wellbore. 

Referring now to Figs. 10a. lOb, 10c. lOd. lOe, lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated In Fig. 10a.awellbore 1000 positioned in a subterranean fomiation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 101 2 and 
a cement annulus 1014. In a prefen^ed embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below wiUi reference to Rgs. 1 la-1 If. 

Inapaiticularly preferred embodiment, an upper portion of tfie tubular liner 
1012 overlaps witti a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 Includes one or more sealing members 1016 for providing a fiuidic seal 
between tiie tubular liners 1008 and 1012. 

Referring to Fig. 1 Ob, in order to create a lie-back liner tiiat extends from the 
overlap between ttie first and second casings, 1004 and 1006. an apparatus 11 00 is 
preferably provided that includes an expandable mandrel or pig 1 105, a tubular 

20 n™emberlll0,ashoelll5,oneormorecupsealslI20,afluidpassagell30.afluld 
passage 1 135, one or more fluid passages 1 140, seals 1 145, and a support member 
1150. 

•nie expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 contioUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance wiUi the teachings of the present disclosure. In 
a prefen^d embodiment, tiie expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. PaL No. 5,348,095, Uie disclosure 

30 of which is incorporated herein by reference, modified in accordance witii the 
teachings of the present disck)sure. 



■nie tubular member 1 1 10 is cbu^lAl to'iAdisdpptitW*^ the expandable 
mandrel 1 105. The tubular member 1 105 is expanded in the radial direction and 
extnided off of the expandable mandrel 1 105. The tubular member 1 1 10 may be 
fabricated from any number of materials such as, for example. Oilfield Countiy Tubular 
Goods. 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 1 1 10 is fabricated from OUfield Countiy Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 ID may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 
cms (1.05 to 48 Inches), respecthrely. In a prefened embodiment, the inner and outer 
diameters of the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide coverage for typical oOfleld casing sizes. The tubular member 1110 preferably 
comprises a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 11 10 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 105 when 
it completes the exbusion of tubular member 1 1 10. In a preferred embodiment, the 
length of the tubular member 1 1 10 is limited to minimize the possibility of buckling. For 
typical tubular member 1110 materials, the length of the tubular member 1 1 10 is 
preferably limited to between about 12. 192 to 6,096m (40 to 20,000 feet) in length. 

The shoe 1 1 15 is coupled^ the expandable mandrel 1 105 and the tubular 
member 1 1 10. Hie shoe 1 1 1 5 Includes the fluid passage 1 135. Ilie shoe 1 1 15 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe with 
a sealing sleeve for a latch down plug modified in accordance with the teachings of the 
present disclosure, bi a preferred embodiment, the shoe 1 1 15 comprises an aluminum 
down-iet guide shoe with a sealing sleeve for a latch-down phig with side ports radiating 
off of the exit flow port available ftom Halliburton Energy Services in Dallas, TK, modified 
in accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 1 100 to the overiap between the tubular member 1 100 and the 
casing 1012, optiraally fluldidy isolate the Interior of the tubular member 1 100 after the 
latch down phig has seated, and optimally peimil drilling out of the shoe 1 1 1 5 after 
completion of the e^qKunsion and cementing operations. 

In a prefened embodiment, the shoe 1 1 15 includes one or more side 
ouUet ports 1140 In fluidic communication with the fluid passage 1 135. In this 
manner. 
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shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each havingan inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1 140 can be sealed off by introducing a plug, dart and/or bail sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 

The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120maycompri8eanynumberofconventionalcommerdallyavailablecupseals 
such as, for example. TP cups or Selective Ip ection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 

Energy Services in Dallas, TXin order tooptimallyprovideabarrier to debrisand 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable^ 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1160 and the expandablemandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluidpassage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging fiom about 0 tol 1356.2355 litresAninute (0 to 3.000 gallonsAninute) 

25 ^dOto620.52813bar(Oto9.000psi)inordertooptimal]yprovidesufficientopaating 
pressures to circulate fluids at operational efficient rates. 

ThefluidpassagellSSpermitBfluidicmaterialstobe transmitted fromfluid 
passage 1130 to the interior of the tubular member 11 10 below the mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 

passages 1140 are coupled to and positioned within the shoe 1116 in fluidic 

^communication with the interior region of the tubular member 1110 below the 

16 



^ expandable mandrel 1105. The fluid 'T>akages''ilio* pAf^ly have a cross- 
sectional sh^ that permits aplug, or otfier similar device, to be placed in the fluid 
passages 1140 to thereby block forther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1106 to be pressurized. 

The fluid passages 1140 arepreferably positioned alongtheperipheiy of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 

10 suchasoement.drillingmudorepoxie8atflowrate8andpressure8rangingfit>m 
about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/ininute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimaUy fill the annular region between the tubular member 
1 1 10 and the tubular liner 1 008 with fluidic materials. In a preferred embodiment, the 
flmdpassages 1140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, die fluid passages 1 140 can be sealed ofifby inlioducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 130. In a preferred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an altemative embodiment, the base of the shoe 1115 inchides a single 
inlet passage coupled to the fluid passages 1 140 that is adapted to receive a pkig, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

. The seals 1146 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1146 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlappmgjointbetweenthenpperendportionofthecasingl012andthelower 
end portion of the tubular member 1110 to be fluidicbr sealed. 

The seals 1146 may comprise any number of conventional commercially 
available seals such as. for example, lead, nibber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodiment,thesealsll46compriseseal8moldedfromStratalockepojQravailable 
from Halliburton Energy Services in Dallas. TX in order to optimally provide a 
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^ hydraulic seal in the overlappingjoint aAffoptdmally provide foadcanying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1110 from the 

5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
conqjression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the ezEMuadable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an ""Tininr member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional oentralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of i^e 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any mmiber of conventional oommerciaUy available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Climax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equqiment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1100 is minimized. 
This minimizes the possibilily of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
_ materials are prevented from entering the region of the wellbore 1000 below the 



apparatus 1 100. The packer 1 155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a prefened embodiment, the packer 
1 155 comprises an EZ DriU Packer available from Halliburton Energy Services in 
Dallas, TO. In an alternative embodiment, a high gel stiengtii pill may be set 
betow ttie tie-back in place of the packer 1 1 55. In anotiier alternative 
embodiment, ttie packer 1 155 may be omitted. 

In a preferred embodiment, before or after positioning ttie apparatus 1 100 
within the wellbore 1 100, a couple of weUbore volumes are circulated in order to 
ensure that no foreign materials are located witfiin the weUbore 1000 ttiat might 
clog up ttie various flow passages and valves of ttie apparatus 1 100 and to ensure 
ttiat no foreign material interfieres witfi ttie operation of ttie expansion mandrel 
1105. 

As Ulustrated in Fig. I Oc, a hardenable fluidic seating material 1 1 60 is ttien 
pumped from a surface location Into ttie flukl passage 1 130. The material 1 160 
ttien passes from ttie fluid passage 1 1 30 into ttie interior region of ttie tubular 
member. 1110 below ttie expandable mandrel 1 105. The material 1 1 60 ttien 
passes from ttie interior region of ttie tubular member 1 1 10 into tfie fluid 
passages 1 140. The material 1 160 ttien exits ttie apparatus 1 100 and fiUs ttie 
annular region between ttie exterior of tfie tubular member 11 1 0 and the interior 
wall of ttie tubular liner 1008. Continued pumping of tfie material 1 160 causes 
ttie material 1 1 60 to fill up at least a portion of tfie annular region. 

The material 1 160 may be pumped into tfie annular regioii at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) 
and 0 to 5678.1177 lities/minute (0 to 1,500 gallonsAnln), respectively. In a 
prefenred embodiment, ttie material 1 160 is pumped into ttie annular region at 
pressures and flow rates specifically designed for ttie casing sizes being nm, ttie 
annular spaces being filled, ttie pumping equipment available, and ttie properties 
of ttie fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical mettiods. 



( The hardenable Huidic sealing material 1 1 60 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specifically 
5 designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during tiie displacement of cement in the annular region. 
The optimum blend of tiie blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be filled witii the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of ttie tubular member 1 1 1 0, the 
annular region will be filled witii material 1 1 60. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 
15 withmaterial neo.oneormoreplugs 1165,orottiersimHardevices,prefeiablyare 
intiroduced into tiie fluid passages 1 1 40 tiiereby fluldicly isolating tiie interior region 
of Uie tubular member 1 1 10 flrom ttie annular region external to Uie tubularmember 
1110. In a preferred embodiment, a non hardenable fluidic material 1 161 is tiien 
pumped into ttie interior region of the tubular member 1110 below ttie mandrel 
20 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, ttie one or more plugs 1 1 65, or ottier similar devices, are introduced 
into ttie fluid passage 1 140 witii ttie introduction of the non hardenable fluidic 
material. In this manner, ttie amount of hardenable fluidic material wittiin the 
interior of ttie tubular member 1 1 10 is minimized. 
25 As lllustirated in Fig. lOe, once ttie interior region becomes sufficiently 
pressurized, ttie tubular member 1 1 10 is exbuded off of the expandable mandrel 
1 105. During the extnision process, ttie expandable mandrel 1 105 is raised out of 
ttie expanded portion of ttie tubular member 1110. 

The plugs 1165 are preferably placed into ttie fluid passages 1140 by 
30 introducing ttie plugs 1 165 into ttie fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1 1 65 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 



brass bans, plugs, rubber baDs. or darts mocfified In ic<for<lan4e:wim the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density nibber balls. In 
an altemat^e embodiment, for a shoe 1 105 having a common central inlet passage, the 
plugs 1 165 comprise a single latch down dart 

After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidic material 1 161 is preferably pumped into the interior region of the tubular member 
1 1 10 below the mandrel 1 105 at pressures and How rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 13.562.355 Utres/mlnute (40 to 
30.000 gaDons/min). In a preferred embodiment, after placement of the plugs 1 165 in 
the fluid passages 1 140. the non hardenable fluidic material 1 161 is preferably pumped 
into the interior region of the tubular member 1 1 10 below the mandrel 1 105 at pressures 
and flow rates ranging from approximately 82.737 to 586.0543 bar (1 200 to 8500 psi) and 
151.4164 to 4731.7648 lltres/taiinute (40 to I250ganonsMiin) in order to optimally provide 
extrusion of typical tubulars. 

For typical tubular members 1 110. the extnision of the tubular member 
1 1 10 off of the expandable mandrel 1 105 will begin when the pressure of the 
interior region of the tubular member 1110 below the mandrel 1 1 05 reaches, for 
example, approximately 82.737 to 586.0543 bar (1200 to 8500 psi). In a prefe'ned 
embodiment, the extnision of the tubular member 1 1 1 0 off of the expandable 
mandrel 1 105 begins when the pressure of the interior region of the tubular 
member 1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extnision process, the expandable mandrel 1105 may be raised 
out of the expanded portion of the tubular member 1 1 10 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 
during the extnjslon process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 nVs (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure tiiat Uie extmslon process wiU be 
completed before ttie material 1 160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular member 1110 
has an internal diameter less than the outside diameter of ttie mandrel 1 105. In this 
manner, when the mandrel 1 105 expands the section 1 180 of ttie tubular member 1 1 10. 
at least a portion of ttie e3q)anded section 1 180 effects a seal witti at 



least the wellbore casing 1012. In a fkcf&ied ^hiBoflim^nt, We seaJ is effected 
by compressing the seals 1016 between the expanded section 11 80 and the 
wellbore casing 1012. In a prefened embodiment, the contact pressure of the 
joint between the expanded secUon 1 180 of the tubular member 1 1 10 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to opUmally provide pressure to actuate the sealing members 1 145 and 
provide opUmal resistance to ensure that the joint wiB withstand typical extremes 
of tensile and compressive bads. 

In an alternative preferred embodiment, substantially all of the entire 
lengtii of the tubular member 11 1 0 has an internal diameter less than tfie outside 
diameter of the mandrel 1105. In Uiis manner, extrusion of ttiehibular member 
1 1 10 by tfie mandrel 1 105 results in contact between substantially all of tfie 
expanded tubular member 11 10 and the existing casing 1008. Inapreferred 
embodiment, ttie contact pressure of tfie joint between the expanded tubular 
member 11 10 and tfje casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 10.000 psi) in order to optimally provide pressure to activate 
tfie sealing members 1 145 and provide optimal resistance to ensure tiiat tfie joint 
will witfistand typical extremes of tensile and compress^e loads. 

In a preferred embodiment, ttie operating pressure and flow rate of ttie 

material 1161 is controllably ramped down when tfie expandable mandrel 1105 
reaches tfie upper end pprtion of tfie tubular member 11 10. In tfils manner, tfie 
sudden release of pressure caused by tfie complete extmsion of tfie tubular 
member 1 1 10 off of tfie expandable mandrel 1 105 can lie minimized. In a 

prefened embodiment, tfie operating pressure of tfie fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during tfie end 

of ttie extrusion process beginning when tfie mandrel 1105 has completed 
approximately aH but about 1 .524m (5 feet) of tfie extmsion process. 

Alternatively, or in combination, a shock absorber is provided In tfie 
support member 1 150 in order to absorb tfie shock caused by tfie sudden release 
of pressure. 



^ Alternatively, or in combination/a mandrel catching stnicture isprovided in 

the upper end portion of the tubular member 1 1 10 In order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig. lOf. once the extrusion process is completed the 
5 expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 1 05 
the Integrity of the fluldic seal of the joint between the upper portion of the tubula^ 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluldic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular Uner 1008 is 
satisfactory, then the uncured portion of tfie material 1160 within tfie expanded 
tubularmember 1 1 lOls then removed In aconventional manner, niematerial 1 160 
witiiin Uie annular region between the tubularmember 1 1 10 and the tubular liner 
1008 is then allowed to cure, 

15 AslllustratedlnFlg.lOf.preferablyanyi«malningcur«dmaterialll60within 
the Interior of the expanded tubular member 1110 Is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 170 Includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 1 60. 
20 As iUustrated In Fig. lOg. tiie remaining bottom portion of ttie apparatus 1 100 

comprising ttie shoe 11 15 and packer 1 155 Is then preferably removed by drilling 
out tiie shoe 1 1 15 and packer 1 155 using conventional drilling methods. 

In a partlculariy prefened embodiment, the apparatus 1 1 00 Incorporates the 
apparatus 900. 

25 '^^fe'^nsnowtoFigs. lla-nf.anembodlmentofanapparatusandmettiod 
for hanging a lubularllner off of an existing wellbore casing wiU now be described 
Aslllusti^atedlnF^. lIa.awellbore 1200 Is positioned In a subtenaneanfomiation 
1205. TheweDbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1220. 

30 In order to extend tire wellbore 1 200 into ttie subterranean fonnation 1205. 

a drill string 1225 is used in a well known manner to drill out material from tt,e 
subterranean fonnation 1205 to forni a new section 1230. 



As illustrated in Fig. 1 lb. an ap^^s 13W) U^i foiipjng^i wellbore casing 
In a subterranean formation is then positioned in the new section 1230 of the 
wellbore 1 00. The apparatus 1300 preferably Includes an expandable mandrel or 
pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid 
passage 1330, a fluid passage 1335, seals 1340, a support member 1345, and a 
wiper plug 1350. 

The expandable mandrel 1305 Is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to conlrollably 
expand In a radial direction. The expandable mandrel 1 305 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 
with the teachings of the present disclosure. In a prefened embodiment, the 
expandable mandrel 1305 comprises a hydraulic expansion tool substantially as 
disclosed In U.S. PaL No. 5,348.095. the disclosure of which is incorporated herein by 
reference, modified in accordance with the teachings of the present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1 305. The tubular member 1 3 1 0 is preferably expanded in the radial 
direction and extmded off of ttie expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example. 
Oilfield Counliy Tubular CJoods (OCTG), 13 chromium steel tublng/casing or 
plastic casing. In a preferred embodiment, tfie tubular member 1310 Is 
fabricated from OCTG. The Inner and outer diameters of ttie tabular member 
1310 may range, for example, from approximately 1 .905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 Inches), respectively. In a preferred 
embodiment, the Inner and outer diameters of tfie tubular member 1310 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in onler to optimally provide minimal telescoping effect In 
ttie most commonly encountered wellbore sizes. 

In aprefened embodiment, the tubular member 1310 Includes an upper portion 
1355, an intennediate portion 1360, and a lovi^r portion 1365. In a preferred 
embodiment, the wafl thickness and outer diameter of the upper portion 1355 of the 
tubular member 1310 range from about 0.375 to 3.81 (3« to 1 '/5 inches) and 8.89 to 40.64 
cms (3 '/5 to 16 inches), respectively. In a prefened embodiment, the wall thickness 
and outer diameter of the intennedlate portion 1360 of the tubular member 1310 range 
from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches?) and 7.6^ t6*48.2dx:ms '(3 to 19 inches), 
respectively. In a prefenred embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3,5 to 16 inches), respectively. 

In a particularly prefen^d embodiment, the wall thickness of the 
intennediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the exlmsion process 
and optimally penmit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular menU)er 1310 
is sk>tted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6,096 
m (40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional conunercially available shoes such as, for example, 
Super Seal II float shoe, Super Seal II Down Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a latch-down phig 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the 
tubular member 1310 into the wellbore 1200, optimally fluidicly isolate the 
interior of the tubular member 1310, and optimally permit the complete drill out 
of the shoe 1315 upon the completion of the extrusion and cementing 
operations. 

In a preferred embodiment, the shoe 1315 further includes one or more 
side outlet ports in fluidic communication with the fluid passage 1 330. In this 
manner, the shoe 1315 preferably injects hardenable fluidic sealing material into 



the region outside the shoe 1315 and tutinlar member lSl6/bi a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometiy that can recehre a fluidlc sealing member. In this manner, the fluid 
passage 1330 can be sealed off by introducing a plug, dart and/or ball sealing 
elements Into the fluid passage 1330. 

The fluid passage 1320 pemiits Ruidic materials to be transported to and from the 
interior region of the tubular member 1310 below the expandable mandrel 1305. The 
fluid passage 1320 is coupled to and positioned within the support member 1345 and the 
expandable mandrel 1305. The fluid passage 1320 preferably extends from a position 
adjacent to the surface to the bottom of the expandable mandrel 1305. The fluid 
passage 1320 is preferably positioned along a centerline of the £4>paratus 1300. The fluid 
passage 1320 is preferably selected to transport materials such as cement, drilling mud, 
or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 litres/minute 
(0 to 3,000 galloiis^ninute) and 0 to 620.5281 3 bar (0 to 9,000 psi) in order to optimally 
provide sufficient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305 can be fluidicly isolated from the region exterior to the 
tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1 330 is preferably positioned substantially along the centerline of the 
apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as cement, 
drillirig mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 
litres/minute (0 to 3,000 ganons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to 
optimally fill the annular region between the tubular member I3I0 and the new section 
1230 of the wellbore 1200 with fluidic materials. In a preferred embodiment, the fluid 
passage 1330 
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includes an Inlet geometiy that can rece'ite a dart aiid/ofti bafi sealing member. 
In this manner, the fluid pass^e 1330 can be sealed off by introducing a plug, 
dart cind/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
region exterior to the tubular meml)er 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic conununication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to com^ 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9.000 psi) in order to optimally All the annular region between the tubular 
member 13 10 and fte new section 1230 of the weDbore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported the upper end portion 
1355 of the tubular member 1310. The seals 1340 are further positioned on an 
outer surface of the upper end portion 1355 of the tubular meniber 1 3 10. The 
seals 1340 pemUt the overlapping Joint between the lower end portion of the 
casing 1 2 15 and the upper portion 1355 of the hibular member 1310tobe 
fluidicly sealed. The seals 1 340 may comprise any number of conventional 
commercially available seals such as, for example, lead, rubber, Teflon™, or 
epoxy seals modified in accordance v^th the teachings of the present disclosure. 
In a prefen^ed embodiment, the seals 1340 comprise seals molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in ortler 
to optimally provide a hydraulic seal in the annulus of the overiapping joint while 
also creating optimal load bearing capability to withstand typical tensUe and 
compresshre loads. 

In a preferred embodiment, the seals 1340 are selected to optimally 
provide a sufRcient fHctional force to support the expanded tubular member 1310 
from the existing casing 1215. In a preferred embodiment, the fHctional force 
provided by tiie seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 
1,000,000 IbO in order to optimalty support the expanded tubular member 1310. 

The sui^rt member 1345 Is coupled to the expandable mandrel 1305, tubular 
member 1310, shoe 1315. and seals 1340. The support member 1345 preferably 
comprises an armular member having sufficient strength to carry the apparahis 1300 into 
the new section 1230 of the wellbore 1200. In a preferred 



embodiment, the support member 1345 further includes one or more conventional 
cenlralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300. In this manner. 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flov^ passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wdper plug 1 350 is coupled to the mandrel 1 305 v^thin the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
oneormoreconventionalcommerdaltyavailablewiperplugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Qmegalatch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and vahres of the 
apparatus 1300 and to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1 330. The material 1 380 then exits the apparatus 1 300 via the fluid passage 
1335 and fills the annular region 1 390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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pumping of the material 1380 causes*the'material 1380 tofilfup at least a portion 
of the annular region 1390. 

The material 1 380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, frorn about 0 to 344.73785 bar (0 
to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1 ,500 gallons/min), 
respectively. In a preferred embodiment, the material 1380 is pumped into the 
annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73875 bar (0 to 5000 psi) and 0 to 5678.1 1 77 litres/minute (0 to 1,500 
gallons/min), respecth^e^^r, in order to optinnally fin the annular region between 
the tubular member 1310 and the new section 1230 of the wellbore 1 200 with the 
hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section l>eing drilled and available from Halliburton 
Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. Hie 
optimum blend of the cement is preferably determined using conventional 
empirical methods. 

The armular region 1 390 preferably is filled with the material 1 380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will 
be filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been 
adequately fiUed with material 1380, a wiper dart 1395, or other similar device, is 
introduced into the fluid passage 1320. The vAper dart 1395 is preferably pumi>ed 
through the fluid passage 1320 by a non hardenable fluidic material 1381. The 
wiper dart 1395 then preferably engages the wiper plug 1350. 

As illustrated in Fig. 1 1 e, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1 305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocidng fluid flow through the fluid 



. passage 1330, and fluidicly isolating thfe* Inferior region 13*70 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
^ hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
eiqiandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the e^anded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1396 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1396 into the fluid passage 1320 at a surface location 
in a conventional manner. The wq)er dart 1395 may comprise any niunber of 
conventional commercially available devices from plugginga fluid passage such as, 
for exam ple, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. Inapreferredembodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down phig 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

Afi;er blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pimiped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.11*77 Hfres/minute (0 to 
1500 gallons/min) in order to optimally extrude the tubular member 1310 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior of the tubular member 13 10 is minimized. 

hi a preferred embodiment, after bloddng the fluid passage 1330, the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 litres/minute (40 to 3,000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 "1 operating parameters during the cxtnision process. 



For typical tubular members 1310, thfe eiitoiisiori bt t6eVubu)a> member 1310 off of the 
expandable mandrel 1305 will begin when the pressure of the interior region 1370 reaches, for 
example, approximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred embodiment, 
the extrusion of the tubular member 1310 off of the expandable mandrel 1305 is a function of the 
tubular member diameter, wall thickness of the tubular member, geometry of the mandrel, the 
type of lubricant, the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably determined 
using conventioneJ empirical methods. 

During the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1 310 at rates ranging, for example, from 
about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion of the 
tubular member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 ft/sec) in order to 
optimally provide an efficient process, optimally permit operator adjustment of operation 
parameters, and ensure optimal completion of the extrusion process before curing of 
the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded off of 
die expandable mandrel 1305, the outer surface of the upper end portion 1355 of the 
tubular meml>er 1310 will preferably contact the interior surface of the lower end portion 
of the casing 1215 to form an fluid tight overlapping joint. The contact pressure of the 
overiapping joint may range, for example, from approximately 3.447379 to 1,278.9514 bar 
(50 to 20,000 psi). In a preferred eml>odiment, the contact pressure of tiie overlapping 
joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to 
optimally provide contact pressure sufTicient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a particularly 
preferred embodiment, the sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overiapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 
100% to about 10% during the end of the extrusion process beginning when the mandrel 
1305 has completed approximately all but about 1.524 m (5 feet) of the extmsion process 



Alternatively, or in combinati(9), a^hocli aB$ort>er.e5 p^vided in the 
support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extmsion process is completed, the e>q>andable mandrel 1305 is 
removed from the wellbore 1200. In a preferred emlx>diment, either l>efore or 
after the removal of the expandable mandrel 1305, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 1355 of the tubular member 
1310 and the lower portion of the casing 1215 is tested using conventional 
methods. If the fluidic seal of the overlapping joint between the upper portion 
1355 of the tubular member 1 310 and the lower portion of the casing 1215 is 
satisfactoiy, then the uncured portion of the material 1380 within the expanded 
tubular member 1310 is then removed in a conventional manner. The material 
1380 within the annular region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 
uithin the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 
using conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
formation has been desciit)ed that includes installing a tubular liner and a 
mandrel in the borehole. A body of fluidic material is then injected into the 
borehole. The tubular liner is then radially expanded by extmding the liner off of 
the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annular region located l)etween the borehole and the 
exterior of the tubular liner, and a non hardenable fluidic material into an interior 
region of the tubular liner 
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below the mandrel. The method preferably includes fluidic^ isolating the 
annular region from the interior region before injecting the second quantity of the 
non hardenable sealing material into the interior region. The injecting the 
haidenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567.1 177 Btres/minute (0 to 1,500 gaUons/min). The injecting of the non 
haidenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 
to 1 1356.2355 litres^minute (40 to 3,000 gallons/imln). The injecting of ttie non 
hardenable fluidic material is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extruding. The non hardenable 
fluidic material is preferabfy irijected below tiie mandrel. The metiiod preferably 
includes pressurizing a region of the tubular liner below the mandrel. The region 
of ttie tubular liner below the mandrel is preferably pressurized to pressures 
ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The meOiod 
preferably includes fluididy isolating an interior region of the tubular liner from 
an exterior region of the tubular liner. The mettiod further preferably Includes 
curing the hardenable sealing material, and removing at least a portion of tfie 
cured sealing material located witiiin the tubular liner. The method further 
preferably includes overlapping the tubular Hner witii an existing welOx>re casing. 
The metiiod fiuther preferably Includes sealing the overlap between ttie tubular 
liner and ttie existing wellbore casing. The metixxl ftjrther preferably includes 
supporting the extruded tubular liner using ttie overlap with the existing wellbore 
casing. The meUiod further preferably includes testing tiie integrity of the seal in 
the overkq) between ttie tubular liner and the existing wellbore casing. The 
mettiod further preferably includes removing at least a portion of the hardenable 
fluidic sealing material wittiin ttie tubular liner before curing. Hie mettiod fruther 
preferably includes lubricating ttie surface of ttie mandrel. The mettiod furttier 
preferably includes absort>ing shock. The mettiod further preferably includes 
catching the mandrel upon the completion of the extruding. 



^ An apparatus for creating a casin^^ih a borehole located in a subterranean 

formation has been described that inc!ludes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operahly coupled. The support member preferably fiurther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member ftirther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material &om entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubin^/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 7.62 to 3937 cms (3 to 15.5 
inches) and 8.89 to 40:64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). Hie tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the mlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Amet^odofjoiningasecond tubularmembertoafirattubxilarmember, the 
25 fiiBt tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member offofthe mandrel into engagement with the fu-sttubi^ 
member. The pressurizing of the portion of the interior region of the second 
_ tabularinemberispreferablyprovidedatoperatmgpressuresrangingfrom^^ 



34.473 to 620.528 1 3 bar (500 to 9.000 psi). The presssriziiig^of the poitioli of the inleribr regioii of the 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an alreacly existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annuTsr member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular bo^y of a cured fluidicsealingmaterial. The tubularity 

process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
anmilar body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an Annnlflr 
region external of the tubular liner. Dming the pressurizing^, the interior portion 
of the tubxilar liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The tubular liner prefeiably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the o verUqp between the tubular liner and the ftyigfcing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 

30 borehole has been described that includes ing fj^lliTr g a tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



^ expanding the liner in the borehole by extiruding the liner off. of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
^ of slag n^iy^ cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging ftom about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
^" litres/mznutB (40 to 3,000 gaUons^nin). In a prefeired embodiment, tbe injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a prefen:^ embodiment, the fluidic material is ii\jected below the In 
a preferred embodiment^ a region of the tubular liner below the mandrel is . 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging from about 34.473 to 620J2813 bar (500 to 9,000 psi). In a 
preferred embodiment, the method further includes overlapping the tubular liner 
16 with the eyisting wellbore casing. In a preferred embodiment, the method fiirther 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the f^Tntd.mg wellbore casing. In a preferred 
embodiment, the method fiirther includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method ftirther includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method fiirther includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing weUbore casing has been described 
that includes a tubular liner and an pnn^^jftr body of a cured fluidic sealing 
material. The tubidar liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubtilar liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
^ pressurizing an interior portion ofthe tubular liner. In a preferred embodiment, 



during the pressurizing, the Interior portion of the tubular Uner Is nuididy isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.5281 3 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of a 
cured fluidic sealing material is formed by the process of injecUng a body of 
hardenable fluidic sealing material into an annular region between the existing 
weUbore casing and the tubular liner. In a preferred embodiment, the tubular liner 
overiaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back Bner further includes a seal positioned in the overiap between the tubular liner 
and the other existing wellbore casing. In a preferred embodiment, tubular Hner is 
supported by the overlap with the ottier existing wellbore casing. 

An appaiahis for expanding a hibular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member Includes a first fluid passage. The mandrel Is coupled to the 
support member. The mandrel includes a second fluid passage operably coupled 
to ttie first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe Includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 
portioa The Interior portion of the shoe Is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the Interior 
portion of the shoe includes a tubular member, and a load bearing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, ttie 
exterior portion of the mandrel comprises an expansion cone. Preferably, ttie 
expansion cone is fabricated from materials selected froiri ttie group consisting of 
tool steel, titanium, and ceramic. Preferably, ttie expansion cone has a surface 
hardness ranging from about 58 to 62 RockweU C Preferably at least a portion of 
the apparatus is drillable. 

Alttiough ilhistrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substihition is contemplated 
in ttie foregoing disclosure. In some instances, some features of the present 
invention may be employed wittiout a corresponding use of ttie ottier features. 



.... • • • 

Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. An apparatus, con^rising: 
a wellbore; 

5 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
10 second wellbore casings: 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

extruding at least a portion of the tie-back liner 
off of a mandrel . 

15 

2. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of : 

placing the tie-back liner and mandrel within the 
20 wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

3. The apparatus of claim 2, wherein during the 
25 pressurising, the interior portion of the tie-back 

liner is fluidicly isolated from an exterior portion of 
the tie-back liner. 

4. The apparatus of claim 2, wherein the interior 
30 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

5. The apparatus of claim 1, further comprising: 
35 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 



back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
material is formed by the process of: 
5 injecting a body of hardenable fluidic sealing 

material into the annulus between the tie -back liner 
and one of the first and second wellbore casings. 

6. The apparatus of claim 1, further comprising a 
10 seal positioned in the overlap between the tie-back 

liner and the first and second wellbore casings. 

7. An apparatus, comprising: 
a wellbore; 

15 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
20 second wellbore casfings; 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

radially e3q)anding at least a portion of the tie- 
back liner within the wellbore. 

25 

8. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and an expansion device 
30 within the wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

9. The apparatus of claim 8, wherein during the 
35 pressurising, the interior portion of the tie-back 



( 

liner is f luidicly isolated from an exterior portion of 
the tie-back liner. 

10. The apparatus of claim 8, wherein the interior* 
5 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

11. The apparatus of claim 1, further comprising: 
10 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 
back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
15 material is formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

20 12. The apparatus of claim 7, further comprising a 
seal positioned in the overlap between the tie-back 
liner and the first and second wellbore casings. 

13. Apparatus substantially as hereinbefore described 
25 with reference to any one of the accompanying drawings. 
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